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Abstract of JP 2001218252 (A) 



PROBLEM TO BE SOLVED: To provide a system 
and a method with which a wireless network can be 
adjusted. SOLUTION: A resource management 
device, that adjusts the use of an RF network 
resource to attain effective and impartial use of an 
available RF resource in an area with high utilizing 
density, is disclosed. The resource management 
device communicates with many wireless networks 
in an RF environment and controls the wireless 
networks, so as to adjust the use of the wireless 
network resource of the RF environment. Thus, 
efficiently and dynamically distributing the RF 
resource in the RF environment among many 
wireless networks placed in the same RF 
environment minimizes interference. 
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SYSTEM AND METHOD FOR ADJUSTING WIRELESS NETWORK 

The EPO does not accept any responsibility for the accuracy of data and information originating from other 
authorities than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit 
for specific purposes. 

Description of corresponding document: EP 1111843 (A2) 
BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The invention relates to the field of communications, and more particularly, to the coordinated use of 
wireless network resources by wireless networks. 

2. Description of Related Art 

[0002] The increased demand for integrating communication devices, such as telephone, facsimile, 
computers, and the like, has led to an increasing requirement for network capability within a premise, such 
as an office, a home, or an apartment building. Currently, communication service providers now provide 
many premises with broadband service for connecting to networks in order for subscribers to satisfy their 
network requirements within their respective premises. While the techniques for providing broadband 
service to a premise are controlled by the service provider, how the subscribers distributes the broadband 
service to devices within the premise is up to the particular subscriber. 

[0003] One alternative, that has recently become quite popular, is to create a wireless network via radio 
frequencies (RF). Many products are now available that permit broadband data to be transmitted from 
device to device using RF technology. Most of the products rely on unlicensed "junk" bands, such as 
915mHz +/- 3mHz, 2450mHz +/- 50mHz, and 5.8gHz +/- 75mHz. These frequency bands tend to be 
unregulated, and therefore, rely largely on RF "etiquette", such as IEEE 802.11, Bluetooth, HomeRF, 
HyperLan, and the like, to keep users from interfering with one another. 

[0004] One problem with these etiquettes is that they were not developed for dense RF utilization. They are 
optimized for peer to peer operation (possibly with a single coordinating base station). The etiquettes were 
not designed to utilize "cellular" like intelligence which allows many users to effectively be coordinated so as 
to achieve efficient and fair utilization of available RF resources. As a result of inadequate coordination of 
numerous users of RF resources, interference between the users may occur. Ultimately the interference 
between users can increase to the point where the quality of communication for all users becomes 
degraded. 

[0005] Accordingly, new technology is required to coordinate the use of RF resources between wireless 
networks sharing an RF environment. 

SUMMARY OF THE INVENTION 

[0006] The interference problem can be particularly difficult in multiple dwelling units (MDU), such as 
apartment buildings, where multiple wireless networks sharing the same RF environment can cause the RF 
environment to become so crowded that unacceptable performance results for some users. For example, a 
person in Apartment 1 may be trying to place a phone call over a communication network from their 
computer via a wireless, link with modem. Simultaneously, a second person in Apartment 2 on a floor 
directly below Apartment 1 may be downloading streaming video via a wireless link. Both are using wireless 
LAN technology (e.g., IEEE 802.1 1) to communicate between their respective computers and wireless 
modems in order to ultimately communicate with a network. In this example, because the streaming video 
requires so much of the available RF bandwidth to communicate with the wireless modem in Apartment 2, 
the user in Apartment 1 will not be able to maintain a reliable phone connection due to the interference. 
Alternatively, the next time around, the case might be reversed, with the user in Apartment 2 unable to fulfill 
their bandwidth needs due to interference from the wireless network use in Apartment 1 . 

[0007] While the above example is relatively simple, many more complex situations are possible where the 
user can experience poor network performance. Even such seemingly robust activities such as searching 
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the Web can become severely degraded due to poor sharing of RF resources. Additionally, Internet 
Protocol (IP) is very sensitive to the number of packets which are corrupted and the acknowledgments it 
receives. While an occasional lost packet of information or acknowledgment will not dramatically effect 
performance, as many users try to share the same RF resources interference may become excessive and 
performance will degrade accordingly. Furthermore, as a result of the performance degradation, subscribers 
may think that their Internet service provider (ISP) is responsible for the poor quality, when in fact the 
problem is poor RF coordination. 

[0008] The present invention relates to a system and method for coordinating a wireless network, and more 
particularly to a resource managing device that coordinates the use of RF wireless networks to permit 
effective and fair use of the available RF resources in areas of dense utilization. The resource managing 
device can be in communication with and can control numerous wireless networks within an RF 
environment in order to coordinate the use of the wireless network resources of the RF environment. 
Accordingly, interference can be minimized by dynamically and efficiently distributing the RF resources 
within a RF environment between numerous wireless networks located within the same RF environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention will be described with reference to the accompanied drawings, in which like elements 
are referenced with like numerals, and in which: Figure 1 is an exemplary block diagram of a network 
resource managing system according to the present invention; Figure 2 is an exemplary block diagram of 
the resource managing device of Figure 1; Figure 3 is an exemplary block diagram of the modem devices of 
Fig. 1; Figure 4 is an exemplary data structure for storing RF environment information in the modem 
memory of Figure 3; Figure 5 is an exemplary data structure for storing RF environment network resource 
information; and Figure 6 is a flowchart outlining an exemplary process of the resource managing device. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0010] Fig. 1 shows a wireless resource managing system. The system includes a RF environment 100, 
such as a multiple dwelling unit. The multiple dwelling unit 100 includes individual dwelling units 101, 102 
and 103, each of which operates an independent wireless network between a modem 108-112 and at least 
one wireless terminal 1 16-132. Each modem has an implicit wireless transmission capability. For 
convenience, in this disclosure, the modem's ID (108-112) is also its wireless transmission ID, though these 
ID'S need not be identical. The first wireless network in dwelling unit 101 exists between modem 108 and 
wireless terminals 116, 118 and 120. The second wireless network in dwelling unit 102 exists between 
modem 110 and wireless terminals 122 and 124. The third wireless network in dwelling unit 103 exists 
between modem 112 and wireless terminals 126, 128, 130 and 132. 

[0011] Each of the modems 108-112 of the dwelling units 101-103, respectively, are connected to a network 
140 via communication links 114. Alternatively, each of the modems can be connected to the network 140 
via a separate communication link 1 14. Additionally, a resource managing device 106 is connected with the 
network 140 via a communication link 115. Accordingly, the resource managing device 106 and the 
modems 108-112 are in communication with network 140 through communication link 115 and 114, 
respectively. These communication links 114, 1 15 can be any type of connection that allows for the 
transmission of information. Some examples include conventional telephone lines, fiber optic lines, direct 
serial/parallel connections, cellular telephone connections, satellite communication links, local area 
networks (LANs), intranets and the like. 

[0012] The wireless terminals 116-132 can be devices of any type that allow for the transmission and/or 
reception of communication signals. For example, the wireless terminals 1 16-132 may be telephones, 
computers, personal and digital assistants, video telephones, video conference apparatus, smart or 
computer assisted televisions, set top boxes and the like. For the purposes of the following description of 
the present invention, it will be assumed that wireless terminals 116-132 are computers. 

[0013] The network 140 may be a single network or a plurality of networks of the same or different types. 
For example, the network 140 may include a local telephone network (such as Bell Atlantic's Network) in 
connection with a long distance network (such as the AT&T long distance telephone network). Furthermore, 
the network 140 may be a data network or a telecommunications network in connection with a data network. 
Any combination of telecommunications and data networks may be used without departing from the spirit 
and scope of the present invention. For the purposes of the discussion, it will be assumed that network 140 
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is a single data network. 

[0014] The modems 108-1 12 can be devices of any type that conduct unidirectional or bidirectional wireless 
communications with the wireless terminals 1 16-132. In operation, the modems 108-1 12 receive data from 
the network 140 via communication link 114 and transmits the data to a selected wireless terminal 116-132. 
The modems 108-112 can also receive data transmitted from the wireless terminal 116-132 and transmit 
the data via communication link 114 to the network 140. The modems 108-112 can communicate with the 
wireless terminals 116-132 via a radio link using any well known communication protocols, such as FDMA, 
TDMA, CDMA, or the like without departing from the spirit and scope of the present invention. 

[0015] The modems 108-112 can also be adapted to independently communicate with network 140 in order 
to report on a current RF environment or receive operating instructions. The operating instructions can 
include directions for the modems 108-1 12 to monitor its RF environment, transmit a RF environment report 
to the network 140, or to alter the modems 108-1 12's current use of RF resources. By having these 
capabilities, the modems 108-112, and their respective wireless networks, may be coordinated to use the 
network resources, such as frequency or time slots, within a RF environment 100, in order to reduce 
interference between the various wireless networks within the RF environment. 

[0016] The resource managing device 106 is capable of monitoring the use of RF resources by the 
independent wireless networks of the RF environment 100 in order to determine the current use of RF 
resources. Based on the current use of the RF resources, the resource managing device 106 can then 
generate a RF coordination strategy to determine an efficient allocation of network resources between the 
wireless networks of the RF environment 100. The RF coordination strategy can then be transmitted to the 
independent wireless networks which can implement the strategy in order to reduce the interference 
between wireless networks of the dwelling units 101-103 of the RF environment 100. 

[0017] The resource managing device 106 may be an independent unit coupled to the network 140 (as 
shown) or it may be distributed throughout the network 140. For example, the network resource managing 
device may be part of the various central offices or servers employed by the network 140 which are 
distributed throughout the network 140. Furthermore, the network resource managing device 106 may be 
incorporated into the modem devices 108-112 or the terminals 116-132. Any configuration that permits 
coordinated use of wireless networks of the RF environment 100 may be used without departing from spirit 
and scope of the present invention. 

[0018] Figure 2 is an exemplary block diagram of a resource managing device 106. The resource managing 
device 106 includes a resource controller 200, a network interface 202, and a memory 206. The above 
components are coupled together through a control/signal bus 212. 

[0019] The resource controller 200 can monitor the modems 108-112 of the dwelling units 101-103 via the 
network 140 and communication link 115 through the network interface 202 to gather information on the RF 
environment of each of the modems 108-112 and/or wireless terminals 116-132. The RF environment of 
each of the modems 108-112 and wireless terminals 116-132 can then be stored in memory 206. Once the 
resource controller 200 has gathered information about the RF environment of each of the modems 108- 
112 and wireless terminal 116-132, the resource controller 200 can then determine which modems 108-112 
and/or wireless terminals 116-132 are interfering with each other or if there are any other interference 
sources in order to develop a RF coordination strategy for sharing network resources. The resource 
controller 200 can then transmit a set of instructions based on the RF coordination strategy to each of the 
modems 108-1 12. Based on the set of instructions received from the resource controller 200, the modems 
108-1 12 and wireless terminals 1 16-132 may coordinate their use of the network resources with respect to 
surrounding modems 108-112. 

[0020] Fig. 3 is an exemplary block diagram of the modem 108-102 according to the present invention. The 
modem 108-1 10 includes a modem controller 302, a modem network interface 304, a modem memory 306, 
and a input/output interface 308. The above components are coupled together via a control/signal bus 312. 

[0021] The modem controller 302 is capable of receiving data from the network 140 via the communication 
link 114 and the modem network interface 304 and selectively transmitting the received data to a wireless 
terminal 1 16-132 via the input/output interface 308. Likewise, the modem controller 302 can receive data 
from the wireless terminals 1 16-132 via input/output interface 308 and transmit the data to the network 140 
via modem network interface 304 and the communication link 114. Additionally, the modem controller 302 
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can independently or at the request of the resource managing device 1 06 monitor the RF environment 1 00 
via the input/output interface 308 and record uses of the network resources within the RF environment 100 
by other devices. To accomplish this, the modem controller 302 may refrain from transmitting to its 
respective wireless terminal 116-132 for a period of time, and instead simply "listen" to all other 
transmission in the RF environment 100. Under the direction of the modem controller 302, this current use 
of the RF environment 100 can be temporarily stored in the modem memory 306 and sent to the resource 
managing device 106 periodically or upon request of the resource management device 106. The modem 
controller 302 may also command similar reports on the RF environment from the wireless terminals 116- 
132 in the network which would also be temporarily stored in modem memory 306. 

[0022] Fig. 4 shows an exemplary data structure 400 for storing the current use of the RF environment 100 
along with other operational data necessary for identifying the modem 108-112 and the wireless terminals 
116-132 using the modem 108-112. 

[0023] Field 402 contains a multiple dwelling unit and dwelling unit environment identifier for a particular 
modem 108-112. The multiple dwelling unit identifier can include any numeric, alphanumeric, or the like 
identifier which uniquely identifies a multiple dwelling unit along with the particular dwelling unit of the 
multiple dwelling unit. For example, the first entry in field 402 contains a "100/101" indicating that the 
modem is located in multiple dwelling unit 100, and more particularly that the modem is located within 
dwelling unit 101 of multiple dwelling unit 100. 

[0024] Field 404 contains a modem ID which can be used by the network 140 to address data to a particular 
modem 108-1 10 of a particular dwelling unit 101-103. For example, the network 140 will address all data 
transmissions directed to the modem having modem ID 108 to the occupant of dwelling unit 101 within 
multiple dwelling unit 100. 

[0025] Field 406 contains the wireless terminal ID's corresponding to the wireless terminal 1 16-132 being 
used in conjunction with the modems 108-112 to operate a wireless network within a particular dwelling unit 
101-103. For example, as shown in field 406, the wireless terminals ID's 116, 118 and 120 correspond with 
the modem ID 108. Accordingly, the information in field 406 is used to identify the wireless terminals 116, 
118 and 120 which in conjunction with modem ID 108 form the wireless network and dwelling unit 101. 

[0026] Field 408 contains a BOOLEAN variable to indicate whether a wireless terminal 116-132 
corresponding to the wireless terminal ID in field 406 is currently being used. For example, the wireless 
terminal corresponding to wireless terminal ID 116 is shown as not currently being used, as indicated by a 
"N" in field 408. However, the wireless terminal corresponding to terminal ID 120 is currently in use, as 
indicated by a "Y" in field 408. 

[0027] Field 409 indicates the Application/Quality of Service (QoS) requirements of the terminal (if 
available). The application portion of field 409 can describe the type of application that is currently being 
conducted over a wireless link. The QoS requirement can include any measurement or statistic which 
identifies a level of service. For example, as shown in field 409, a bit error rate (BER) of 10<-6> and no 
packet retransmission are the QoS parameters for the current streaming video application 

[0028] Field 410 contains the RF protocol and frequency currently being used by the modem identified in 
field 404. Furthermore, Field 410 contains a listing of available RF protocols and frequencies which the 
modem is capable of using. The RF protocols can include TDMA, FDMA, CDMA or the like communication 
protocols. For example, the modem corresponding to modem ID 108 is currently using a TDMA 
communication protocol at a frequency of 2.4gHz. Other parameters, such as modulation method, error 
correction code and transmit power level may also be included. Furthermore, the modem corresponding to 
modem ID 108 is also capable of transmitting using TDMA, FDMA, or CDMA protocols at either 915mHz, 
2.4gHz or 5.8gHz. Other capabilities may also be included such as spreading modes (e.g., Direct Sequence 
(DS) or Frequency Hopping (FH), Modulation method (e.g., FSK or QAM), Forward Error Correction (FEC) 
(e.g., Viterbi or Reed Solomon), available transmit power levels (e.g., 0, 5, 10, 15, 20 dBm) etc.) 
Alternatively, each wireless terminal might simply report a type identifier, which would allow the resource 
controller 200 to infer all the capabilities of the terminal. 

[0029] Field 410 may further be divided to include the RF protocol and frequency currently being used by 
the modems and wireless terminals listed in field 406. Additionally, the RF protocols and frequencies which 
the corresponding wireless terminals are capable of using may be listed in a similar manner, as currently 
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shown with respect to the modem having modem ID 108. 

[0030] Field 412 contains the current RF environment corresponding to the wireless terminals in field 406. 
The current RF environment is a listing of all other uses of RF resources within the RF environment of a 
wireless terminal by other devices. As described above, the current RF environment can be measured by 
the modem 108-112 and/or the wireless terminals 116-132 temporarily refraining from transmitting, and only 
receiving the transmissions of other devices within the RF environment 100. For example, as shown in field 
412 the modem corresponding to modem ID 108 is currently receiving a transmission from another source 
at a frequency of 2.4gHz using a TDMA protocol and at a received power of -65dBm and -60dBm. Other 
deducible information such as modulation type may also be included. Meanwhile, terminal 120 has detected 
an unknown waveform or noise with a peak value of -75dBm. Both terminals 108 and 120 would also report 
the signal levels detected for terminals participating in the wireless network. For example, modem 108 
would report receiving signals from wireless terminal 120 at -60dBm and terminal 120 would report 
receiving signals from modem 108 at -60dBm. 

[0031] As an example of operation, assume that the occupants of the dwelling unit 101 are using the 
modem 108 to communicate with the wireless terminal 120. The wireless terminal 120 is being used to 
watch streaming video that is being transmitted from the network 140. Furthermore, assume that at the 
same time the occupant of dwelling 102 is using wireless terminal 124 to participate in a video telephone 
conference with a remote user (not shown) connected with the network 140. Both of the occupants are 
using a frequency 2.4gHz to conduct the wireless communications between their wireless terminals 120, 
124 and their respective modems 108, 110. 

[0032] Due to the identical frequency use and the proximity of the dwellings 101, 102 within the RF 
environment 100, both of the occupant's wireless communications experience interference. As a result, the 
quality of the streaming video on the wireless terminal 120 and the video phone conversation on wireless 
terminal 124 is degraded. 

[0033] When the interference begins, the resource managing device 106 can be notified by either one or 
both of the modems 108, 110 which are experiencing the interference. This can be accomplished by either 
of the occupants using their respective wireless terminals, 120, 124 to initiate a message to the resource 
managing device 106 that interference with another device is occurring or, the wireless devices might be 
preconfigured to automatically report interference to the resource manager 106. Alternatively, the resource 
managing device 106 can periodically query each of the modems 108-112 to request information, such as 
the current RF environment of each of the modems 108-112, in order to determine possible interference. No 
matter how the resource managing device 106 becomes aware of the interference, the wireless resource 
managing device 106 can query the modems 108-110 for information on their respective RF environments. 

[0034] In response to the query, the modems 108, 110 can return a current RF environment report to the 
resource managing device 106. As described above with reference to Fig. 4, the RF environment report can 
include information about the modem 108-1 12 along with data related to the current use of the modem's RF 
environment. For example, the data in Fig. 4 corresponds to the RF environment data stored in modem 108 
(field 404) in dwelling unit 101 of multiple dwelling unit 100 (field 402). As shown in field 406, the modem 
108 belongs to a wireless network which includes wireless terminals 116, 118, and 120. In this example, the 
only terminal currently in use is wireless terminal 120 as reflected by a "Y" in field 408. As described earlier, 
the wireless terminal 120 is being used to watch streaming video that is being transmitted from the network 
140. 

[0035] Field 410 indicates that the modem 108 is using a TDMA protocol to transmit the streaming video to 
the wireless terminal 120 on a radio frequency of 2.4gHz. As described above, field 410 also contains a 
listing of all the available protocols and frequencies which the modem 108 is capable of using to 
communicate with the wireless terminals 116, 118, and 120. 

[0036] The field 412 contains data on the current RF environment. The RF environment report can include 
information obtained by the modems 108-110 and/or wireless terminals 116-132 from "listening" to the RF 
environment. For example, the modem can sample the RF spectrum of interest for a period of time by 
refraining from transmitting and only receiving any signals which may still exist. In the current example, 
modem 108 may sample its respective RF environment by not transmitting to any of the corresponding 
wireless terminals 1 16-120 for a period of time, and instructing the wireless terminals 1 16-120 within the 
dwelling 101 to also temporarily refrain from transmitting. In the period of radio silence within the dwelling 
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101, the modem 108 can simply receive all the signals within a range of radio frequencies of interest. In this 
example, when the modem 108 samples, the signals being transmitted from the modem 110 will be 
received. 

[0037] As shown in field 412, the current RF environment of modem 108 shows that another device is 
transmitting at a frequency of 2.4gHz and using a TDMA protocol and the power received. The field 412 can 
further include the terminal ID of any of the devices using the network resources of the RF environment 100. 
The terminal ID of the other device may be determined from the data received by the "listening" modem 
108. For example, each transmission from a modem 108-112 can contain a modem ID so that a receiving 
wireless terminal 1 16-132 can identify the source of a data transmission received over the wireless network. 
In this example, the modem ID 1 10 has been determined from the received data. 

[0038] Modem 1 10 can also perform a similar sampling function to generate a RF environment report that is 
similar to that shown in the data structure 400. However, in this example, modem 1 10's RF environment 
report will reflect at least modem 108's use of the RF resources. 

[0039] As described above, the modems 108-110 can then generate a RF environment report in response 
to a query of the resource managing device 106. Alternatively, the modems 108-112 may periodically and 
independently of each other sample the RF environment and store the results in the modem memory 306 
included in the modem 108-1 12. The sampling results may then be transmitted to the resource managing 
device 106 or may be held in the memory until the results are requested by the network managing device 
106. The modems 108-110 can also poll the wireless terminals 116-120 for their RF environment and pass 
this information to the resource managing device as well. 

[0040] Regardless of the method of collecting the RF environmental reports from the modems 108-112, 
once the RF environment reports are received by the resource managing device 106, the resource 
controller 200 can store the individual reports in the memory 206. 

[0041] Figure 5 shows an exemplary data structure 500 for collecting and storing the individual current RF 
environment reports of the modems 108-112, connected with the network 140. The data structure 500 
includes fields 502-512 which are similar to the fields 402-412 in data structure 400. Field 502 contains a 
multiple dwelling unit and dwelling unit identifier. As described above, the multiple dwelling unit identifier can 
include any numeric, alphanumeric, or the like identifier which uniquely identifies dwelling unit and 
corresponding a multiple dwelling unit. For example, the first entry in field 502 indicates that the entry is for 
dwelling unit 101 within multiple dwelling unit 100. 

[0042] Field 504 contains a modem identifier of a modem 108-112 connected with the network 110. The 
modem ID in field 504 corresponds to the multiple dwelling unit and dwelling unit identifier and field 502. For 
example, the modem ID 108 in field 504 corresponds to the dwelling unit 101 in the multiple dwelling unit 
100, indicating that the modem is located in dwelling 101 of multiple dwelling unit 100. 

[0043] Field 506 contains the wireless terminal identifiers which include the modems 108-112 and wireless 
terminals 116-132 that are connected with the modem 108-112 identified in field 504. For example, wireless 
terminals having ID's 122 and 124 are in wireless communication with the modem having modem ID 110. 

[0044] Field 508 contains a BOOLEAN variable to indicate whether a wireless terminal 1 16-132 
corresponding to a wireless terminal ID in field 506 is currently being used. For example, the wireless 
terminal corresponding to wireless terminal ID 116 is shown as not currently in use, while the wireless 
terminal corresponding to wireless terminal ID 120 is currently in use, as indicated by a "Y" in field 508. 

[0045] Field 509 contains application and QoS data corresponding to the wireless terminals in field 506. 

[0046] Field 510 contains the RF protocol and frequency currently being used by the modem identified in 
field 504. Furthermore, field 510 contains a listing of available RF protocols and frequencies which the 
modem is capable of using. As described above, the RF protocols can include TDMA, FDMA, CDMA or the 
like communication protocols. For example, the modem corresponding to modem ID 1 10 is currently using a 
TDMA communication protocol at a frequency of 2.4gHz to communicate with wireless terminal 1 24. 
Furthermore, the modem corresponding to modem ID 110 is capable of transmitting using TDMA, FDMA, or 
CDMA protocols at either 2.4gHz or 5.8gHz. As described with reference to field 410 of data structure 400, 
the field 510 can further include current and available communication protocols and frequencies 
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corresponding to each of the wireless terminals in field 506. 

[0047] Field 512 is a collection of all the current RF environment reports for all of the modems 108-1 12 
corresponding to the respective current RF environment reports stored in field 412 of each of the modems 
108-1 12's modem memory 306. Once collected from each of the modems 108-112, the current RF 
environment report contain data on the use of the RF resources within the RF environment 100 from the 
perspective of each of the modems 108-112. As noted for Fig. 4, fields 510 and 512 may include additional 
parameters, such as spreading mode, modulation method, error correction method and transmit power 
level. 

[0048] Based on the information stored in the memory 206, the resource controller 200 can determine a RF 
coordination strategy that will eliminate or minimize RF interference between the modems 108-112 of the 
dwellings 101-103 within the multiple dwelling unit 100. The RF coordination strategy can be developed by 
the resource controller 200 so that none of the modems 108-1 12's use of the RF resources will interfere 
with any other modem 108-1 12's or other device's use of the RF resources. 

[0049] Returning to the example, when the resource controller 200 examines the RF environment data in 
field 512 of Figure 5, for modem 108 and modem 110, the controller will determine that the modems 
transmissions are interfering with each other. As shown in field 512, the modem having modem ID 108 is 
reporting having received a signal at 2.4gHz using a TDMA communication protocol. Additionally, the field 
512 indicates that the signal had been received from modem 110. Likewise, the modem having modem ID 
110 is reporting having received a first signal at 2.4gHz using a TDMA communication protocol, a second 
signal at 915mHz using an unknown communication protocol and a third signal at 2.4gHz using a TDMA 
protocol. Additionally, the field 512 indicates that the third signal had been received from the modem 108, 
while the second signal is from an unknown source or device. 

[0050] Based on the data in field 512 the resource controller 200 can develop a RF coordination strategy in 
which the time slots of the TDMA communication protocol are divided between the modems 108-110 so that 
neither modem utilizes the same time slots at the 2.4gHz frequency at the same time. Additionally, the 
resource controller 200 will take into account the second signal at 915mHz which is originating from a 
source or device unknown to the system. Alternatively, the resource controller 200 can develop a RF 
coordination strategy wherein the modem 108 changes frequency to 5.8gHz and maintains a TDMA 
protocol while the modem 110 continues transmitting at 2.4gHz using the TDMA protocol. 

[0051] For a more complex example, assume that both modems 108 and 110 and terminals 120 and 124 
have two modulation types (QPSK, and 16-QAM) and several error correction code types (I/2 rate, K=7 
Viterbi and GF(256) t=0 to 16 Reed Solomon in any combination) available. Further, assume that these 
capabilities and their current settings were reported to the resource controller 200. The resource controller 
200 could find that in order to combat the interference they were experiencing, both modems and the 
terminals had adapted to the most robust set of parameters they support (QPSK modulation with 
concatenated Viterbi and t-16 Reed Solomon error correction coding). The resource controller 200 could 
find that with those settings, there were not enough time slots available to assign both modems exclusive 
sets of time slots. This is because while these resource settings are robust, they are not very bandwidth 
efficient. However, if no other sources of interference were apparent, the resource controller 200 could 
command all the modems and terminals to use, for example, 16 QAM with Reed Solomon t=8 and no 
Viterbi. This would reduce the number of slots required by each transmitter, and allow exclusive slots to be 
assigned such that the modems no longer interfered with each other. 

[0052] It is important to note that the maximum transmit power at some of the modems and terminals might 
be insufficient to support the more bandwidth efficient waveforms. The resource controller 200 would have 
to ensure that the modems and terminals could transmit enough power to meet the QoS requirements of the 
applications being run. To determine this, the resource controller 200 would need to know the Application 
QoS requirements, the current and maximum transmit powers at all modems and terminals, the current 
receive powers at terminal 120 from modem 108, the current received power from modem 108 and 124, the 
current receive power at modem 1 10 from terminal 124, the current receive power at terminal 124 from 
modem 110, and the receiver characteristic (BER vs. received power in dBm) of all the modems and 
terminals. 

[0053] As a further complication to the example, assume that modem 108 and terminal 120 could use either 
DS or FH spreading modes, and that modem 110 and terminal 124 could only use the FH spreading mode. 
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Further assume there was no way to synchronize the time slots between a device using DS, and a device 
using FH. If modem 108 were using DS and modem 110 were using FH, there would be no way to assign 
modems 1 08 and 110 time slots that are guaranteed not to interfere with each other. However, if modem 
108 and terminal 120 were commanded to use FH instead of DS, it would be possible to synchronize the 
systems such that exclusive time slots could be assigned. Furthermore, it would be possible to synchronize 
the hopping patterns such that if modems 110 and 108 did both transmit in the same slot, it could be 
guaranteed that their signals would not interfere with each other as they would always be on different 
frequencies. These are just a few examples of some of the resource management techniques that could be 
applied by resource controller 200 to improve the performance of wireless networks operating in unlicensed 
spectrum. 

[0054] The RF coordination strategy can further be developed based on the particular type of application 
that the respective modem 108-112 is using. For example, if the modem 108 is operating at 2.4gHz and 
using an application that requires a large amount of bandwidth, such as very high resolution streaming 
video, while terminal 110 is transmitting at 2.4gHz, but using an application that requires a very low amount 
of bandwidth, such as e-mail, then the RF coordination strategy can reflect the different needs of the 
modems 108,110. The RF coordination strategy may include assigning a large amount of time slots for the 
large bandwidth needs of modem 108, while assigning relatively fewer time slots to the small bandwidth 
needs of modem 110. Alternatively, using an FDMA communication protocols, the RF coordination strategy 
may provide modem 108 with a relatively large portion of the RF spectrum, while providing modem 110 with 
a relatively smaller portion. Accordingly, any division of network resources can be made by the resource 
controller 200 in order to dynamically and efficiently distribute network resources between the modems 108- 
112 sharing the RF environment 100. Similarly, communications which require a robust channel (i.e., voice 
and streaming video) can be assigned frequencies without interference, while applications which don't 
require as robust a channel (i.e., certain types of non-realtime data traffic, such as gas/electric usage 
reports to utility companies) can use channels which have more interference. 

[0055] Once a RF coordination strategy has been developed, the resource controller 200 can then transmit 
the RF coordination strategy to the respective modems 108, 110. When the modems 108, 110 receive the 
instructions, the modems 108, 110 can alter communications with their respective wireless terminal 1 16-124 
in order to reduce interference and improve their communication quality. In this example, modem 108 will 
continue to transmit at 2.4gHz and use a TDMA communication protocol that is limited to a first assigned set 
of time slots. The modem 110 will also continue to transmit at 2.4gHz and use a TDMA protocol that is 
limited to a second assigned set of time slots. 

[0056] Figure 6 shows a flowchart outlining an exemplary process for coordinating communication in a 
wireless network. In step 602 the process begins and control proceeds to step 604 where a resource 
managing device monitors numerous modems connected with a network for an indication of interference. 

[0057] The process then proceeds to step 606 where a determination is made whether interference has 
occurred. In step 606, if interference has occurred the process proceeds to step 608; otherwise, the process 
returns to step 604 and the resource managing device continues to monitor the modems. 

[0058] In step 608, the wireless resource manager queries the modems to determine a RF environment 
report. The RF environment report can include a current RF spectrum use along with any RF protocols 
which the modems are capable of or currently using. The process then proceeds to step 610. 

[0059] In step 610, the RF environmental reports are received by the resource manager. In step 612 the 
resource manager determines an RF coordination strategy for eliminating or minimizing any interference in 
the wireless network based on the RF environmental reports. The process then proceeds to step 614. 

[0060] In step 614 the resource managing device transmits instructions based on the RF coordination 
strategy to the modems in order to minimize the amount of interference in each of the wireless networks. 
The process then proceeds to step 616 where the process ends. 

[0061] As shown in Figs. 2 and 3, the method of this invention is preferably implemented on a programmed 
processor. However, the resource managing device 106 can also be implemented as part of a switch or a 
stand alone on a general purpose or a special purpose computer, a programmed microprocessor or 
microcontroller and peripheral integrated circuit elements, an Application Specific Integrated Circuit (ASIC), 
or other integrated, a hardware electronic or logic circuit such as a discrete element circuit, a programmable 
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logic device such as a PLD, PLA, FPGA, or PAL, or the like. In general, any device on which exists a finite 
state machine capable of implementing the flowchart shown in Fig. 6 can be used to implement the 
resource managing device 106 functions of this invention. 

[0062] While this invention has been described in conjunction with the specific embodiments thereof, it is 
evident that many alternatives, modifications, and variations will be apparent to those skilled in the art. In 
particular, the methods with which the wireless network coordination is contracted and delivered can be 
diverse. In some cases, users may subscribe to a service for a fee where their home wireless network is 
managed via the external network. Or, the service might be offered for free as a benefit of subscribing to the 
external network. Alternatively, the service could be offered for a fee on a per use request basis. Also, the 
information provided to the resource controller 200 by the home network elements (modems and wireless 
terminals) may be volunteered or polled. If polled, information provided may be mandatory or optional. 
Similarly, when the resource controller 200 provides recommended resource allocations, those 
recommendations may be mandatory, or optional. 

[0063] Accordingly, preferred embodiments of the invention as set forth herein are intended to be 
illustrative, not limiting. There are changes that may be made without departing from the spirit and scope of 
the invention. 
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SYSTEM AND METHOD FOR ADJUSTING WIRELESS NETWORK 

The EPO does not accept any responsibility for the accuracy of data and information originating from other 
authorities than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit 
for specific purposes. 

Claims of corresponding document: EP 1111843 (A2) 

1. A method for providing coordinated use of network resources between a plurality of wireless networks, 
each of the wireless networks having at least one modem and at least one wireless terminal, comprising: 
monitoring a RF environment of at least one of the modems to generate a RF environment report; 
determining a RF coordination strategy based on the RF environment report; and instructing the at least one 
modem on how to use the network resources based on the RF coordination strategy. 

2. The method according to claim 1, wherein the step of instructing includes: transmitting instructions on the 
use of network resources to the at least one modem based on the RF coordination strategy to eliminate a 
simultaneous use of the same network resources by the plurality of modems. 

3. The method according to claim 1, wherein the step of instructing includes: instructing at least one of the 
modems to change a current use of network resources based on the RF coordination strategy. 

4. The method according to claim 3, wherein the step of monitoring a RF environment includes: measuring 
an interference level of each of the wireless networks, the interference level being the amount of 
interference received by the modems and the wireless terminals of each of the wireless networks. 

5. The method according to claim 4, wherein the step of measuring includes: collecting the interference 
levels of each of the wireless networks. 

6. The method of claim 1, wherein the RF environment report includes at least a current use of a radio 
frequency spectrum by devices other than the at least one of modem. 

7. The method according to claim 1, wherein the RF coordination strategy includes instructions on which 
radio frequency and communication protocol the wireless network should use. 

8. The method according to claim 1 , wherein the plurality of wireless networks share the same RF 
environment, the RF environment having a finite amount of network resources. 

9. The method according to claim 8, wherein the network resources include at least frequency and 
bandwidth. 

10. The method according to claim 1 , further comprising: collecting subscriber information from a plurality of 
subscribers, the subscriber information including at least a wireless network identifier; and providing 
coordinated use of the network resources at the request of the subscriber. 

1 1 . The method according to claim 1 , wherein the at least one modem can either accept and comply with 
the instruction on how to use the network resources, or not accept and not comply with the instructions on 
how to use the network resources. 

12. A device for coordinating the use of network resources by a plurality of wireless networks, each wireless 
network having at least one modem, comprising: a memory; a resource controller connected with the 
memory that monitors a RF environment of the modems of each of the wireless networks, determines a RF 
coordination strategy for the use of the network resources by the wireless networks based on the RF 
environment of the modems, and transmits instructions on the use of the network resources to the at least 
one modem of the wireless networks based on the RF coordination strategy. 

13. The method according to claim 12, wherein the modems of each of the wireless networks are connected 
to a network. 

14. The method according to claim 12, further comprising: transmitting the RF environment report of at least 
one of the modems over a network to a resource managing device. 
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15. The method according to claim 12, wherein the RF environment report includes at least a current use of 
a radio frequency spectrum by devices other than the at least one of modem. 

16. The method according to claim 12, wherein the RF coordination strategy includes instructions on which 
radio frequency and communication protocol to use. 

17. The method according to claim 12, wherein the plurality of wireless networks share the same RF 
environment, the RF environment having a finite amount of network resources. 

18. The method according to claim 17, wherein the network resources include at least frequency and 
bandwidth. 
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Sit SilS-fey h©^^^ h7^'>a y^S^V^T, 
tL^©«»M©f$ffiSrjSH©^r^ 1 0 8-1 1 2 £© 

[0 0 19] 0 3(4, *35WtJ;5^7*A 10 8-11 
50 2©-f!lt U07*Py?Htft5. *7A10 8~1 
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1 2i4, tf'A3yfP-73 0 2, ^TAjjfi-f 

s — * 3 0 4, tfA^D 3 0 6, &40A/W7J-1' 

/<^3 1 2£?>LT5Xd&(fft5= 
[0 0 2 0] tTAny 3 0 2(4, « 1 4 07> 

bx-^Sriiff y >^ 1 1 4fc c ttJ ? ^x^ffl'l'>^7ni 
-*3 0 4«r#LT£ftU gfB£*ifcr-*£A/tti 

zxtm^yy? i 1 4?r^L-cffli 4 oi-»f 5 0 in 

tt*j|i»a7 f /M^10 6©y^^M^ffL-C, A 
/tB7Wy^7^-*3 0 8^^LTRFg^l 0 0^ 
lit, RFgitl 0 0ft©ffl»il©ft!L©xVM^43ft 

-7 3 0 211 foSHf ligjWIBI, 116-13 

©£-C©{&©{5j£& "M< (listen) " „ ^fA^yh 20 
n-7 3 0 2©MCTt, RFJS^l 0 0©3liSE©{£ 
fflfl*, *7*A^^y 3 o 6F^-B#fti^$5£ft, €JW 

JS^LT, RjBtar^^l 0 6(ci£jf£ti5„ 
Anybn-7 3 0 2(4, fflft©*S«*l 16-13 

*7A^!) 3 0 6rtt-«FWt«Mfti-5r £ fc-C^ 

[0 0 2 1] @4!4, RFffl 0 0©Ha©f£ffl£^- 
7A10 8~112feiU! ; &7^10 8~112l:ftffl 30 

i6~i 3 2%mi-rz-k.mcmtm 

[0 0 2 2] 7^f-;UK4 0 2(4, #^7^10 8 
-1 1 2t*H-5S^^=y 

te©»BU*£^tp„ #iJxJ4\ 7>f-^K4 0 2rt©fl- 
©if@t4 "100/101" £^if7J\ -ft(4, tr'AiSM 40 

ttftfc:, tW^fA^i^a^? h 1 OOOft^ 

[0 0 2 3] 7 0 4(4, Ml 4 0i^4oT, 

X-*£i|#;£©fi^=S> M 0 1-1 0 3rt©#^© 
^7^ 10 8-11 2{^T5/c*iCffll^ft3^T ; i* 

I D £-3 tf 0 #iIxJi\ Sl4 0il tf'A I D 1 0 8 £ 
#o*7*M£fltt&ftfc£T©x-*fci£&, 
^7M00 ft(D&&x.=.y M 0 1 ©gft#i^T 
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[0 0 2 4] 7 >r -/U K 4 0 6 (4, ^7^ 108-1 1 
2 t ©Hii-e, yM01~103rt© 
*<WHSrttffli-5*»«*l 16-1 Z2\z.m,-t*m 
W2fc<o 1 d £^fr 0 Mx.t£ , 7 j -/u K4 0 6 fit* 
$ft5J:5fc, l«*l 16, Il8jsj;lfl2 0© 

1 D(4, ^7^ I D 1 0 8 |i*j-/&t5o - 5 LT, 7^ 

-/w K4 o 6 i*)©tt$gf4, i d i o 8 i©lii7- 
h 1 o l^KDMBm^Mi-^MB^i 1 
6, 118, 12 0 ?rfg5>3iJ-t-S/cii6tcifflV^b^So 
[0 0 2 5] 7^-^K4 0 8(4, 7^-^K4 0 6rt 
©*»*I DiC^-f-5«i«*l 16-13 2;^ 
£^7?fc5r>5£«-f7-/U (BOOLEAN) 
tf 0 0iJ^ft\ I D 1 1 6 icttfctmMtism 

(4, 7^-/UK4 0 8ft© "N" 7)^, Slffiteffltp-Cfc 
l^t^!), StIDI 2 0tfjSt5*« 

S*(4, 7^-;UK4 0 8rtO "Y" d^Sftftfflttf 

[0 0 2 6] 7^-/UK4 0 9(4, (#ft-f5l§£(4) 
S*©77°y*— Vg^if- t'^IC (QoS) H# 
^*1~o A-K4 0 9©77y jr—'sa 

MHy ^±fcSffi§Ht£ftT^577*y 7—73 y© 
^7£^1" 0 QoSg#!4, t—fc**©W<^£flSiJ 
1-5{£t©iJ£*fe5W4l£§ti;£^if 0 W*tf* 7^ 
-^K4 0 9(4, 3i£©77y 7-^3^(4* hy-$ 
y^t'7itfc!), ^©Qo s/Ny^-^i4, l o" f 4 

3l?yh:*7-* (BER) t, ^7-7h©SML- 

[0 0 2 7] 7-f-^K4 1 0(4, 7-f-/VK4 0 4rt 
^SIti3iJ$ftfc ; e7 f Alc:J:oTSftfflv^ftTV>5RF7' 
n hn;l/fcJ;t/Ji«^tfo Sbfc, 7^-/1^^*4 1 
0(4, *7Al:J:oTftfflt5: fc*S"rtB*RF^n h 
3/i.*34t/JiSi:©y 7. ht>£tr„ RF7nh3/H; 
(4, TDMA, F DMA, CDMA, ^©ffi©aif7n 
ha-rt/^SftS. fljfctf, *7A I D 1 0 8tM£f 
5^t'A{4, 31£, TDMAIII/Pfn/^II^T, 
2. 4GHzft5jg«§C(CT^LTV^ 

5„ ffi©/^^-^, 0ij^i4, mvtmn- 

^&7^ I D 1 0 8 (cMJSt5^T^(4, TDMA, 
FDMAt L< (4CDMA7°n h ^/l^^-ffiV^T, 915 
MHz, 2. 4GHztL<[45. 8GHz^T^ft1- 
-5rfcfe#5. fiil©i§7J, Mitf, tr£»^-K (f?^ 

(4, tg->-^yx (ds) fcL<(4ii^ic^5/t°y^ 

(FH) , ^SS^S (f!ix(4, F S K t L< (4QA 
M) , 7*-!7-KI8!JtnE (FEC) (f(|x(4, 
t^L<(4y-K7D^y) , fiJffl^^m«7J^ 
^ (fJx.t4, 0, 5, 10, 15, 2 0dBm) i<D 
ft) ^fe§rtt)7^5 0 BiJ©*feiL7, 
*S4, ^^7fiSiJi : -^^L, §|in>hp-7 

2 o otfzti£m^xii$3i(D±x(Dmjj%mmtz>^t 
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[0 0 2 8] yj-;vY4 1 0(4, £fc(d, 

4 0 6rtt!J^ h£tl5^xA&4t/i=«*(d4oT 

^fij-tsr ttT^5 0 iP;LT, #)St5««*id4 

?f'A I D 1 0 8 £^o^xA(d#LT^ft^£ti 
Tl^Wi^li&^^idTy * htSri fC#5 0 
[0 0 2 9] 74 K 4 1 2 (4, 7 4 K 4 0 6 ft 
<Z)4i,«*i-MJS-r5^S©RFS^Ir^if 0 §i£©R 10 
Fgjt*t(4, t«*©RFSirt^ fflKDrV^idi; 
5RF»S©flfe©^T(Z)ffiffl(Z)y^hA^fiic5„ ±5£© 
4 5(d, m±(DRFmmt, *fAl 08~112fci 
OVfc^ (4*11^*1 16-13 2(d4oT, 
^ftSr^Lffix., fcotf e>RF££l 0 OrtW^r 

* ©£{f £gm 1" 5 d. t (d 4 o T »J£ $ h 5 c $J x. 
ff , 7 ^-/U K 4 1 2 tts I D 1 0 8 (d^-fS 

^r-M4, afiE, (2oO) SJ©y-^*»e)©SHISrS 
flrLT*5 5, rjLtaSfttt, 2. 4GHz45H«E*l!: 
TTDMA/n h aA^fflinrfffctoh/CiSD , ^ivf 20 
tl, -6 5 dBmSSitf-B 0 d Bmft5g{f fcfoldT 

0(4, -7 5 d Bmft5tW|fi©*£n<£»fc3^(4 

y^x^tutfcrt^$^5 0 ssios 
teitn 2 0iipEj*ti, iM(d#int5S*(diiSL 

ff, tfA 1 0 8(4, SUS* 1 2 O^bWffi 6 
0 dBmK-Cgfi£*ifc;:i:£#l§U S*12 0!4, 
*fAl 0 8i6»fcOflr#H:-6 0 dBmt-CSfSSiXfc 30 

[0 0 3 0] ijf£©{?J£ LT, HOlOg 

*r a i o 8 1 2 o tmn 

v ^ s * f- y - 5 y ^ s * tcffl v ^ tix 

l\fc!> ; £P>£, »d, fe^-y F 1 0 2ft<Dgfi 
l 2 4 £ffl^T, 1140 (dg^£tl,fc 

sua— if (n**T) twT'tnm^m^muLx 

*3"9 ; dtl«bp]77<Z)g£#f4, #&M&iS*l 2 0,12 

4 t#*f'A 10 8, llOt ©IB©*lMliH&fc2. 4GHz 40 

[0 0 3 1 ] |U-<DEj£&flS&ffl£;fc/rfc!K L^t, 
RF^ft 1 0 0 fi©£^- y M 0 1 t 1 0 2 #jfi&L 
Tl^/c^id, p^©gft#©«£itil{f(4, 
L, d.©/c«), l«12 0i®^MJ-?^tr 
^t, &l&J8*i 2 4±<DtT^mi^fS©p R oS^^{k 
1-5. 

[0 0 3 2] ^^^5*41-5 t , »jgf If * 1 0 
6(4, T^SI&LTI^^tAI 0 8,11 0ffl-J 



#12001-218252 
10 

ft#<Z^-ftl^\ l#Ot«tl 2 0, 1 2 4Srffl 
V^T, lUtffiT/W * 1 0 6 (dfgWyvM * t 

^^Ltv^sr t^^-t-^ y-fe-^£»43d t, 

&3W4, K6»7 f ^^Sr, »iflf^^l0 6(i 
gftlft(d#£1-3 4 5(d^&#$LT*o< ziifiififci* 
*iS 0 9J©*fei LT, Sf$T,f 3r/M* l 0 6#)£8! 

0 8-11 2tdBS£L, tfS, 
#?7A 10 8-11 2©i4©RFii^y^x^ F 
-TSrt-e, T#©^4©^t£ffido^T&£4-3::i 
t"C#5. tMtSx/^^1 0 6^ifCD4 5ldLTT" 
$(d^fl-</N4giJ£ LT, i^-fftidLTt, feUgMf 
17^^ * 1 0 6 (4, #*tA 1 0 8 ~ 1 1 0 (d, fc© 

[0 0 3 3] I©I^I)SSL-C, *fA10 8, 11 

o (4, mt<DR Fffltmzufflgwf'U * 1 o e iz 
m&to m4 t<D?m^±x*mwLK.£o{c, rfi 

is$g^l4, 10 8-11 2(di1"5lf^^, 

tfo ^Jx(4, E!4ft©r-^(4, b l 0 

0ftOtt^=?M0 1 (7>f-/H>*4 0 2) ft©* 
fA108 (7^-;UK4 0 4) ft(d^»$tlfc:RF^ 
^r-^(dM)!S1-5 D 7-f-;i/K4 0 6rtt*Six5J: 
5 (C, A 1 0 8 (4, ii6, 118, 12 

ffl^ttTV^©(4*«*l 2 0©*T?fct), rti^, 
7^-/UK4 0 8ft© "Y" tTRl*SixTV^5. itu$ 

©4 5 id, «^s*i 2 o(4, mi 4 0frbma&fox 

[0 0 3 4] 7 4 ~)V K 4 1 0 (4, A 108 (4* h 

^-%y^^Tir^Wm% \ 2 OWMt-fht^V^ 
DMA7°n Y^iV^mW r©i*if(42. 4GHz45 
IS*Ullttft*ffl^3r ±a!©4 5(d, 7^- 
;UK4 10(4, $b(d, *fAl 0 8(d4oT, 
*116, 118, 1 2 0tiiff-t-5/cfe(dfJffl-r5d 

y * h£"at!\, 

[0 0 3 5] 7^-;UK4 1 2(4, m£<OWW^-Wf 
Sx-^tr'&tfo d.©RF^^ld(4, tf'AlO 
8, 1 1 0*5 4U</fe5VM44S«*l 1 6-1 3 2 (d 
4oT, RFI^ "ffl< (listening) " d\t(d4o 

5RF*^ h^Sr, *>5l*IH«irat«oT3imSrlltJ$ 
x., to(4b, tff#Si-5if^^i1-5riT*f-y 
7yy^-45„ R«©«-Ctt:, ^rAl0 8(4, g#© 
RFfg^, *tfi-T5#B»«*l 1 6-1 2 O^nmt 
%ffij£<Dnm£tf£L&^ {£^~y Y 1 0 1 ft©« 
HS*1 1 6-1 2 Oid^LT, ^ti^t-BtWidiiff 
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fcv^, ^tA108(4, totit,, fl^fcSMiUlS 

*f'A 1 o y?Ltct%, ^f'A l l ofr 

[0 0 3 6] 7^-;i/K4l 2(^£ti5 4 5ic, 
A 1 0 8©iL£©RFMi, 9J©7 f ^>f^aS2. 4G 

TV^rii, SmS^^^-To 7^-/UK4 12it 
^ ^ t-. RFitl 0 0©«M£f£fflL-O^f£Ic© 
r * ©S* I D £^fr 0 {&©r^ 7s (DM^ I D 10 
(4, "y*~y;/ (Hv^r^s) " t7*Ai0 8KJ:o 

08-11 2/>fc©#^{f(4^TA I D£-£tffcii>£, 

3tfi««*i i 6~i 3 2(4, *i«iii:-tsff £ 

©#Ki4, g{§ ^tf-i'^^fA IDllO^ft 

[0037] ?t*a not, mimtyf'j >?mm 

F«««#Sr^jSi-5. fc£U RWOWTH:, *f'A 20 
1 1 0©RFS^$S^t4, / M<H ; t7 ! A10 8^R 

[0 0 3 8] ±$©4 5 108, 1 1 0 (4, 

W-, S$gf Sr'W* 1 0 6©JH&fcf&gPL-C\ RFSi 
*«#Sr4riti-5o SiJ^fii L"C, ^fAl 0 8-1 
12, fcjfflftlc:, ZI«aILT, RF^^t>7°y 
y^L, tr'A 10 8-11 2fti^3;tl3^ 

fA^y 3 o 6rtt«Mfrr5r it^tSo -y-^7y 
yymm*. »«t sr/w* 1 o ec^rrs 

rit>, $lt3r'W*l 0 etio-cftftSry 30 

10 8, 110(4, SPjlUgiJ^jfeiLT, Mij$ffi*l 
16~12 0HRFif^t*-y7^'U ^© 

[0 0 3 9] ^fAl 0 8-11 2^f)RFlii^ 
^©4 7(-ift*£;ft5^©*fe(4SiJt LT, itzX, 
^o^RFSmfg^tiffgr/W* 1 0 6i^4o 
T^jf^nSi, SH^V 2 0 0(4{@*©fft1*r 

£^y 2 0 6rtfc|Hfr*-5. 

[0 0 4 0] El 5 (4, iHOICgi^jlfc^lO 40 
8-11 2©fi*©m£©RF3t^t^£iKft:}o t fcrJ& 

®5 0 0fi, 7*—^KIJi4 0 0ft©7-f-/H-*4 0 2- 
4 1 2 tgtt57^-/H'5 0 2-5 1 2S:ttf D 7 
-f-^K5 0 2(4, y MISTO 4 0^ 

»=y M»£^tr„ Jhi£©45^, ? 

tfco #iJx.(4, 7-f-^K5 0 2ft©Jg-©JlSt4, * 
©II I y M 0 0 ft ©ftsg ^ = y M 0 50 
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1 *>©-?& 5 -t&^-fo 

[0 0 4 1] 7^-/UK5 0 4 (J, Hi 4 0fcg8l££ft 
fetfAl 0 8-11 2©^r ASftgiJ^fc^ir. 7^- 
;U K 5 0 4 ftO^fA I D(4, 7 -/U K 5 0 2 ft©lt 

Wfctf* 7^-^K5 0 4 rtOTf^ I D 1 0 8 (4, ft 

^ft^-y h i oortoft^-?' M o l t*tj6 

U {;0f7A#, H^tt?a=5' h 1 0 0©fe^:a- 

y M 0 1 rtfc{fcm-5 r. t £^-f„ 

[0 0 4 2] 7 -< — ;U K 5 0 6 (4, 

^tii-(4, 7^-^K5 0 4ft(cfiffl£;ft/'c^xA 

10 8-11 2*34t>'^r^ 108-112 fcJSRStt 
1t*mm. \ 16-1 3 2^JES-t5 I D*S^**l5o 
Mx.fi, I D 1 2 2 , 1 2 4 ZW^Wmmts 

I D 1 1 0 Sr#o*rA£tt»ffifi£fTft 5. 

[0 0 4 3] 7 >f —IV K 5 0 8 (4, 7 W K 5 0 6 ft 
©«§HS* I D t #JS-f 5*§i»4ft* 1 1 6 - 1 3 2 rt\ 

(4, I D 1 1 6 [c#]St5#£«*f4, Iftt 

ft *7?{4&V ^, I D 1 2 0 

*(4, mftffiffitt'fcSr h&7>[-n>}t5 0 8ft© 
"Y" ic4oT^$tL5 0 

[0 0 4 4] 7 -f -A- K 5 0 9 (4, 7 -f — ;U K 5 0 6 ft 
©*^ffi*(^]St5T7y ^— >3 y*34tj<Q o St' 

[0 0 4 5] 7 -f — /U K 5 1 0 (4, 7 -f — K 5 0 4 ft 

\mm ztiz^rMz-Xi xm£\%. m s ft-c v > 5 r f 7 

n ^/WoJ;rjMic£^tp D 7^-/UK5 1 0 (1, § 
(c, ^ r A 4 o X\m -f Z> Z t ft 7? # 5 ffl pTtg* 
rf7p h^;^4l/]i&m©y^ ht^tfo JL$©4 
51-, RF7nhn/Kcii, T DMA, F DMA, CD 
MA^©iiif7n ha^-^SilS. 
[0 0 4 6] $jxJ4', ^7 A I D 1 1 0 i-MJStS^X 
Ai4, 2. 4GHz^-5iaiSi;l-T, TDMA1 

flt/n ^3/^^ffiv^T««*l 2 4tiilfLTV^ 0 
^fjiC, ^fA I D 1 1 0(->fj-)S1~5 ; E-Ti>.(4, 2. 4 
GHzfe5V^ii5. 8GHz(CT, TDMA, F DMA 
&5W±CDMA7n h^/V^m^Xmitt^^-tftX 
tSrta^SftS. r-^«ii4 0 0©7^-;wK4 

i o t (Drmx±xmm Lit 4 5 7 ^ k 5 1 0 

(4, £ib(-, 7>f-/UK5 0 6ft©#«i|&jS*Hmi- 

[0 0 4 7] 7 4 —ft* K 5 1 2 (4, £T©*T A 1 0 8 
- 1 1 2 fc«-f5£T©^©R F«#«#0*4 !9 £ 
*U -tit4, *tA1 0 8-1 1 2©#^rA^ J ty 
3 0 6©7^--/WK4 1 2ft(C|&|ft$nfc^ft©RFm 
iftft^t^-fSo frtfAl 0 8-11 2^lKft£ 
tirhSft©R FSfta^tt, #t7^ 108-112^ 
tORFlfl 0 0ft7r©RFl^,©{£ffl^l-r5r- 
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®4<Dm&tmm\^ 7^-/^-510^5 

t?f 5. 

[0048] y-^y 2 0 6rt(^»^tifc1fiii-S^v^ 

T, 2 0 0(4, b 1 0 

0 rt©{±sS^^ -7 M 0 1 ~ 1 0 3 ftO^TA 1 0 8 ~ 

1 1 2^(Z)RFT?#Sr^*fc5^f4S/Hli-r?)RF|SS 

7 2 0 0\L iot, tfA 1 0 8~1 1 2©if©RFg 10 
8R©ffifl34>, IC^fAl 0 8-11 2fc5W4Hb,<DT 

[0 0 4 9] l^O^R-MSt, Way 2 0 

0 ££|g| 5 ©7 ^r-;UK 5 1 2rt©Wfll9E9 f — ^Sr, *T 
Al 0 8fc-J:t>^fAl 1 oKHLTll^fcfct, 
3yFn-72 0 0lt ^TAfDfci^ZWrT^LT 
V^5rirSr*^1-5o 7>r-^K5 1 2(^£ft5 4 5 

^f'ADI 10 8^o^fAlt 2. 4GHz4 
SiljSici-TTDMAiilfT'D M/Hrffl^Tigff £ft 20 

K5 1 214, ^©il^^fAl 1 0/$>feg{f£ftfcr 
t^^to I D 1 1 O&fto^Afi, 

2. 4GHz(C-CTDMAj§fi7°n h a/USrfflV^-CaHt 
Silfc»-Oflr#, 9 1 5MH z {CT*^(Dii|f 7°o h 

^^zm^xmmMzm-m^, #4^2. 4gh 

1 2(4, »HOfltl±*fAl 0 8*»6Sfll*nfct© 

T\ flfr©ft#tt*to©y-^fcL<ttf f ^M^d»6)W 30 

[0 0 5 0] 7^—^ K5 1 2P fe iI(DT : -^(-S^V^T, 
Sfjgn y h p— 7 2 0 0 (4, ¥<D^?'J±mmm-(D 
*4J*XVy\>*2. 4GHz3fc5^jS3S{r-CfflV^«CV> 

r a i o 8 , lio mx*#mt% RFlIM^ISt 
5o AOxT, Ii3yfn-7 2 0 0!t -^TAflt 
oT*&tf>y-*fcL<f4T'W7.^b<£>9 1 5 MHz 

V hn-7 2 0 0(4, 1 0 8(4, Jl$fc£r5. 8 40 

GHztlSU TDMA7°n f-n/H4£t}#L, ^f^ 
110(4, TDMA7°d h=i;USrlV^T, 2. 4GHz 
^T^jf 5R Fil»«l»Sr8HI1-« 

[0051] 4 n h LT, S^^fA 1 0 

8, 1 1 0*5J:tWH*l 2 0, 1 2 4^2o©fI^^ 
7° (QP SK*34t/l 6 -QAM) JUtMSf^S^fT 
JEf?-^^7° (I/2W-K k-7t^k't, GF 

(2 5 6), t=0~l 6 y-KVn^i/WffiE©^ 
■£) SrflJffl-et ; Sbl-, rftbf^fc^lHrftb^S. 50 
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£»!S£{4, S$C3yhn~7 2 0 0S^££ft-O^ 
b<Dtnj£i-Z>o y MM^y bn-7 2 0 0(4, ^ftb/^ 

7^-9 (ir^lffcitf t-1 6 y-Kyn^yf^fT 
lE^iigg^ft/cQPSK^il) Sr^ffl-f-^-efeS 
'tSr^oltS. fcf;U ISnyfo-7 2 0 014 
rixbRS^fi, S^otfAl^ ^A^Dyhcft 
ffiW-fey HSrtM5a-C5fc»^tt, ~ftbgil«£f4 

tt5„ r©i5ft»&, ilnyhp-7 2 0 0(4 T 
y — b /^"Cftl^ # (4, itO^rAJo 

iiWB*t*ttT, Wfctf, i 6 q am t y — k y n * 

y t = 8 Srffiffl U t-^ t*(4ffll^^4 o \m^-tZ> - 

ti5xo->F <7)i:^jg«-r S r t , SMbtt* n y 
hSraUSTSiir^lllt^U, rftb*xAf4k(4 

^Sl/^T#Lft<ft5„ 

[0052] sio^^AioiiWB*©^©*^^ 

72oo(4, *rA*D4^**^7y$^rv^77°y 
t5:t«t5:i:M-S^5. r©4 5^^« 

^5fc*(C(4, IInyfP-7 2 0 014 77°y^r 

&tE&£VMc*mn.i}. «s*i 2o«fWaio 
8^esft ^ns^ftom^, *x a i o 8 ©gf-cig* 

1 2 4*»6SfiSix5SSE©«*, «* 1 2 4 OgfTf * 
rAl 1 0/$>fegfi£ft5§L£tf>B;fj, &4t/£T©* 

T Afc40?S*WSff#tt (d Bm^{£t?(Z)BER*rg 

[0 0 5 3] $b^«*t*^ltLT, ^10 8Hg 
5^1 2 0(4, DSfc5VM4FHi£tfe*-K£i£ffl-C# ; 
110«*124 (4HFffif^- Ko^^ftffl-e 

r / W * © Fp9 -C * W A * n y h £ 5 ^ffi (4#ft L 
*V^atffl3£1"5- *ri* 1 0 8 #D S Sr^ffl L, * 
1 1 ^fA 1 0 8 i 1 1 

fc*B*12 0^, DSO{"t^l9(-, FH£fflV^5£51- 

i^, *2/tV^/^-y|rl5lffl$*, tf'Al 10H 
0 8^Hi-O^^A7P^ M-T^lf-r5 4 5 
mP>(4^(^^5«»±}^ft1-5 

5 0 rftb(4, ISnyFp-7 2 0 0l:J;oT > fFIS 
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[0 0 5 4] RFMSttlfttt, SklC, *tfA 1 0 8 

7icm^^xmmi-%^khx$z> 0 mz.t£, 

0 8tt2. 4GHztTKlfPLT33t), #*OflHgtB* 

Yy-i>?\?f*<DtzMz.m^bhx%> , o, jb*i i 

Oil 2. 4GHzt-caSflrLT*S9, #^fii<DSi 

1 1 0(DMfr5S®£K!*£*5^ t-Cf 
5„ -oORFllllStLt, tfA10 8tli, 7C 

Wmd>&t ^ -f A x n y h frg i] 19 yj X 5 r 1 1 #X. 
5 0 SiJ©RFpS»i Lt\ FDMAllfynfn^ 
§rfflv\ 1 0 8(Cii, RF^ h;KZ)ffiM^(- 

RFS^ 1 0 0 $r#W1"5*ri» 10 8-112 ©fflTflfl 
»«SriiW*»oa*W^^E-f 5 C £ 6„ IPlft 

4 "9 #< (D^mm^v^zm n^xz^t 

kx^z 0 

[0 0 5 5] l^of^RFlMW^£ft?>^ £ 
jg3^hn-7 2 0 0f4, RFfM^cX^VT^y 
^F7^->3yH*fA108, 110toHrt3 o 

t5 i , tf'A 10 8, 1 1 0 (4, #4&|£S* 116- 

1 2 4i<D«{f£\ T$««£tU fflffip^R^^-f 
5 4 5 (^JE-f 5o t£M<Z)0iJTt4, trA l 0 8 (4, 

2. AGHz^^mmmm-r^K ?4&xv-yh 

{t7°n hs/V'Srffiffli-S. ^1 1 0t> 2. 4GHz 

[0056] H6(4, li«*irt©iifiSrP»-t5fcii)© 

5„ 



(9) #12 0 0 1 -2 1 8 2 5 2 

16 

[0 0 5 7] 7k\Z s 7"n-feXi4^T5/7 P 6 0 6 tit*, 

^ci-fe^(4Xr ->7°6 0 8\m& ; TSfca^^ft^o 
7°nir^i4^xy7°6 0 4^M 1 9, liUfS 

v^-c, tmxmtf&f'U xit. ^ti^t, rf 

10 fc5V^4MJffl l F»fiS(7)RF7°n h=i;P^tf 0 & 
Id, 7 P n-feXf4^x-7 7 B 6 1 OtJitf. 
[0 0 5 8] *r-7 7°6 1 O^fcl^T, RF£#&£;a5 
SJgfar/M^I-ioTSft 7T-7/6 12 

fe 5 V ^ i4ft /Hb-t" 5 fc ft W R F mWm £ R F 3&#*R£ 
fca^-CftJfrta. ^n-fe^(4^i-^xs/7°6 1 4(C 
ittf. 

[0 0 5 9] ^"ry-fQ 1 4£*5^T\ KUfSrVM 
*i4, RFiM»§»3VT, ^MiW^^Oi: 
20 Sr*/jNfti-5fc»©>f >^ hyfsayZ^T^mii 
1-5. 7°n-fe^(4, iW^ ^7" y 7° 6 1 6 til*, 
T7nir^[4«1-5 0 

[0 0 6 0] 0 2£4i;3lC7Fl-4 5i-, #3SBU©#ife 
{4, ff*L<!4, 7°n^7A^7°nirs/t±t-^^ 
ti5 0 fc£U RJRt SrVM ^ l 0 6 (4, ^7f© 
-UtLxMm-f^^th. Vim L<i4$ffl^yt°^ 

^]itn«@ss (asic) , hzwmo-mtetiiz 

PLD, P L A N FPGA, fcSV^I4P A L^i-X ^ y 
(4, 0 6{c^-r»fttiB]^^i-5^i:^'r^5tPS^ 

[0061] ±xte*mmmfe(DnmMtiDrmxm 

40 (Dim. £IE, *54WM^^(C#^Tt5t<DTfe 
rtlSrlS*-r?)fcJ6(D^fe{4#1iT*fe5o ^o^cD^r- 

LTf a-f — \ctmz.xMAi-z>o %\<Djo 

(7)f-— tfx^rp f-^<— ^ (per use request basi 

s) (CTtW-T»f 5 r itT#5„ 
i^fflS* (^T^*3 4^*) 
50 2 0 0^©tf$(7)i±fc!£|4St!3§WW? * 5 r 1 U 
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LXn ft 5 tSa^Wif&SrSfiffl - 1 fc , 

-9 2 0 0 ^«Ui»Jif J ?) at^iit-r?.^, rftfe 

[0 0 6 2] foT, idtfRW*ixfc*»W©&4L 

^mmimt, mmm<Dtcibxhv, M®&M®-tzi> 

[Biii®ffi¥&ftH] 

[01] ^S^iSiHKjgfa^rAro-^tL-C 

[0 2] 11 ©JHKtfffl?*/^ LTffl7'n y 

?0T«fc3„ 

[0 3] 0 1 (D^f Jxr *4 7-<T>— $lk LX<DZfuy? 

mxh% 0 

[04] 0 3(D^T^^^yrti-RF«lffglrM-t-5 



#12001-218252 
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i= [0 5] mmmm&m-rziz*><D-mkLx 
[0 6] wm mr'Uxo-mt LX(D-7vt^<Dm 

l 0 0 m&i£^=-y h (RF«#) 

1 0 1, 1 0 2, 1 0 3 h 

106 Kjstar^-r^ 

10 8-112 t/A 
116-132 i«* 
14 0 ffi 

2 0 0 »JS=«yhn-7 
2 0 2 Wy^7i-^ 

2 0 6 y^ey 

3 0 2 ^T&ziy 

3 0 4 ^fAS-fy^^i-X 

3 0 6 tfA^D 

308 A/tti^>^7^-* 



[01] 



[0 2] 




- - I | | ^^^| | a*a*s*| 



112 126 128 130 



[0 3] 



108, 1HUI2 



302 


306 


I ^ I 


I I 


| X/hP-? | 





its 

I 



604^ 



~~r~ 



[0 6] 

02 



610-Q 

612- H RFaMtytareta ~1 

6l H ^*h7fr>5^TLlC&ff til 
616<jl7) 



(11) 



¥t?$ 2001-218252 



[04] 



402 404 406 408 409 410 412 



UDU/DU 




mm 


TfSSfr 








100/101 


108 


108 


T 




SHE 2.4 GHz - TDMA 
fi|ffl5iS6: 915mHz. 2.4GHz. 


1) 14 GHz/rDHA/l10/-65 <3Bm 

2) 14 GHz/IDlW/120/-50 dBm 






116 


N 










118 






5.8GHz - TDMA, FWU, CDMA 








120 


V 


tf9H5-« 10" 6 


1) 14 GHz/ / — /-75 dBm 

2) 2.4 GHZ/TDMA/108/-60 dBm 













































[05] 

502 S04 SOS 508 509 510 512 



UDU/DU 




& 


3® 








100/101 


108 


too 


Y 




3HE : 2-4 g* - TDMA 


1) l4GHz/TDHA/1IO/-65dBn. 

2) 2.4 GHz/ID11A/12D/-60 dBm 
























Wanlffi: 915mH2, 145Hz, 








120 


T" 




5.89Hz - TDHA, FDI4A. CDMA 


1) 2.4 GHz/ 1—l-Tl dBm 

2} 2.4 GHz/lDMA/108/-60 dBm 
















100/102 


110 


110 


T 




£6 : 2.4 gHz - TDHA 


1) 2.4 gHz/IBMA/l24/-6D dBm 

2) 915 mHz /???/???/-ro dBm 

3) IX gHz /7DHA/tfl8/-65 dBm 






122 


N 




ffflHjjfc; 2.4gHz, 5.8gHz 
- TDHA, FDMA, CDMA 








124 


T 




1) U gHz/!DMA/110/-60 dBm 

2) 915 mHz /?*/???/-60 dBin 
















100/103 


112 


112 






SIS : HONE 
flfflw*: 915mHz, 14gHz, 
5.8gHi - TDMA, FDMA, CDMA 


1) 2.4 gHz/lDMA/l10/-60 dBm 

2) 915 mHz /???/m/-B0 dBm 
3} 2.4 gHz /TDUA/108/-60 dBm 








26 
















ZS 
30 


















32 





















































(72)^gf^# s^-a* i/t-vy 
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